Heterologous expression of the naphthocyclinone hydroxylase gene from Streptomyces arenae for production of novel hybrid polyketides.
Streptomyces arenae produces at least four different isochromanequinone antibiotics, the naphthocyclinones, of which the beta- and gamma-form are active against Gram-positive bacteria. The naphthocyclinone biosynthesis gene cluster was isolated from Streptomyces arenae DSM 40737 and by sequence analysis the minimal polyketide synthase genes and several genes encoding tailoring enzymes were identified. Southern blot analysis of the naphthocyclinone gene cluster indicated that a 3.5 kb BamHI fragment located approximately 9 kb downstream of the minimal PKS genes hybridizes to the schC hydroxylase DNA probe isolated from S. halstedii. Two complete and one incomplete open reading frames were identified on this fragment. Sequence analysis revealed strong homology to the genes of the actVA region of S. coelicolor, to several (suggested) hydroxylases and a putative FMN-dependent monooxygenase. The proposed hydroxylase, encoded by ncnH, could hydroxylate aloesaponarin II, a molecule that is produced by the actinorhodin minimal polyketide synthase in combination with the actinorhodin ketoreductase, aromatase and cyclase. Furthermore, this enzyme is capable of accepting additional polyketide core structures that contain a 5-hydroxy-1,4-naphthoquinone moiety as substrates which makes it an interesting tailoring enzyme for the modification of polyketide structures.